This paper investigates the existence of the Environmental Kuznets Curve (EKC) for Turkey by considering pollution spillovers among the provinces by using annual data covering the period 1990-2001. Spatial econometrics techniques are employed to account for pollution spillovers. Spatial interactions are measured by means of weight matrices based on contiguity and distance between the neighboring provinces. Our results show that exclusion of spatial heterogeneity among the regions may lead to specification bias in EKC estimations. The significance of pollution spillovers in the spatial estimates suggest that the relationship between pollution and per capita income is also affected by the localities of regions. Our results also imply that environmental quality cannot be sustained at the expense of neighboring regions. Therefore environmental policies should be accommodated by both regional and national policies to achieve sustainable development.
Introduction
The crucial relationship between environmental policy and economic growth keeps being an important part of the global agenda as the concern for availability of natural resources grows in the recent years. This concern is magnified especially for developing countries of which, rapid population growth exacerbates the pressure on urbanization and industrialization.
One view on the effects of economic growth on environment is that growth requires more inputs and energy resources leading to more pollution and environmental degradation. This view gained publicity especially after the influential Club of Rome view 1 . Another view is that the relationship between environmental degradation and economic growth follows an inverted U-shaped pattern. This type of relationship is also known as environmental Kuznets curve (EKC), referring to the similar relationship between income inequality and economic development suggested by Kuznets 2 . This view argues that environmental quality deteriorates during the take-off stage of income growth and improves in later stages as an economy develops. The logic behind EKC is that in the first stage of industrialization the choice is towards economic growth in most cases when a trade-off occurs between growth and environment. Society values jobs and material output more than clean air and water. The growth rate is also higher in this stage and these results in more pollution and more extensive usage of natural resources 3 . However, as the economy develops and income rises over a threshold level, society values environment more and environmental policy measures can be implemented more efficiently. The increase of income can also allow the finance of clean energy resources. As a result, more environmental awareness in the society, slower growth rates, and more funds for the renewable energy resources gradually decrease the pollution level as an economy grows further than a threshold level. According to Grossman and Krueger 4 , there are three separate mechanisms for understanding the EKC. If there is an expansion of the economic activity without changing the structure of the economy, this will lead to an increased demand for energy and hence, total amount of pollution will rise. This is known as the scale effect. On the other hand, economic growth can increase or decrease the overall pollution through the composition effect. More clearly, the structure of the economy changes with the income growth. The pollution level increases with the evolution of the structure of the economy from agricultural to heavy industry. The environmental quality improves with the transformation of heavy industry into more light and clean industry. Finally, technique effect arising from the introduction of more modern technologies and higher income levels may lead to an increase in environmental quality 5 .
Turkey, seventeenth largest economy in the world, and still a developing country, has been in a process of rapid industrialization and urbanization especially since 1980's. According to the latest data by TURKSTAT countrywide urbanization is 62.7 %, quite below European Union (E.U.) and OECD average values. However, urbanization is rather fast with annual 2.3 % increase in urban population. Urbanization rate is also higher than annual population growth (1.5 %).
The problems of population growth and industrial expansion in metropolitan regions also lead to an increase in the degree and complexity of air pollution problems. As a result, continuous countrywide air quality monitoring activities started in 1990's 6 .
The aim of this study is to investigate the income-pollution relationship for Turkish provinces and to test if EKC hypothesis holds when spatial interactions are taken into consideration. The regional focus is important because of great regional variation in the population, urbanization, industrialization, and consumed energy composition, as well as differences in emissions and growth rates. Moreover, ignoring spatial relationships may lead to specification bias and wrong inferences about the relationship.
This paper is organized as follows. The next section briefly summarizes the literature on Environmental Kuznets Curve. Section 3 introduces our model used to investigate EKC in a spatial context. The data employed in the estimations are presented in Section 4. Section 5 includes the empirical results of the study. Finally, Section 6 concludes the study.
Overview of Literature on Environmental Kuznets Curve
Given the importance of environmental policy for sustainable development, empirical literature on EKC has been continuously growing and the topic has not lost academic interest since the pioneering work of Grossman, and Krueger (1991) 7 . Nevertheless, the main criticism stems from the usage of weak econometric techniques 8 .
The aim of this paper is not to review the whole EKC literature, since there are numerous studies covering the topic in detail 9 . However, most of the existing studies use cross-country data that raises compatibility and quality problems 10 . In order to overcome this problem, Vincent 11 , Carson, Jeon and McCubbin 12 and Asghari 13 used single country data can help to eliminate the problems associated with comparing data from different countries, since there is single measurement methodology for both growth and environmental degradation levels. The evidence based on single country data yield also mixed results regarding the existence of EKC. investigates the existence of EKC using the six different water and air pollutants in Malaysia and find positive relationship between income and three pollutants, i.e. TSP, ammoniacal nitrogen and pH. Carson et al. (1997) analyze the relationship between per capita income and seven different air pollutants across the 50 US states covering the period 1988-1994 and they do not find any evidence on the relationship between changes in income and changes in toxic emissions for all seven pollutants. Using the data for Iran covering the 1980-2008 periods, Asghari 14 finds a U relationship between CO2 emission and economic growth in Iran in contrast to proposition of the EKC 15 An important drawback of the studies in the literature is that they do not explicitly consider the pollution spillovers across regions. The transfer of pollution from one region that hosts the pollution resource from a neighboring region should also be considered. Theoretically, the reasons for cross-country spillovers are difficult to track down, however cross-provincial spillovers are quite intuitive. Stationary pollution resources such as power plants, residential and commercial energy consumption emit the majority of sulfur dioxide emissions. This sulfur dioxide is converted in the atmosphere into sulfates, which are a main component of fine particulate matter. The atmospheric transport of pollutants from any given source takes place through convection and diffusion by atmospheric turbulence and airflows. The pollutant plume moves away from the source and expands laterally.
Although this fact is already acknowledged in many studies, the empirical analysis based on spatial models is a recent attempt due to the lack of data and computational difficulties. The limited studies, which employs spatial econometric techniques are Rupasingha, Goetz, Debertin and Pagoulatos 16 and Maddison 17 investigating EKC for European countries and U.S.A. counties respectively. Those studies mainly corroborate the inverted U-shape pattern and per capita emissions are also found to be heavily influenced by the per capita emissions of neighbouring regions. Zheng, Yu, Wang, and Deng 18 have estimated EKC models using the data for 30 provinces of China covering the period 1998 -2010. The estimation results based on spatial dynamic panel models do not confirm the EKC relationship between CO2 intensity and growth. The spatial lag coefficient is found to be positive and statistically significant indicating that there is a spatial linkage between the neighboring provinces. The results further suggest that CO2 intensity is higher in the western regions compared to eastern regions of China.
Despite the distressing air pollution problems, the inhabitants facing in Turkey, little research has been carried out on the spatial and temporal evolution of air pollution episodes. Lise estimates CO2 emissions of main sectors by using energy consumption by decomposition analysis in a country level study. He finds that the link between energy and carbon emissions is a monotonic increasing one. This suggests that the absence of carbon policies, no significant reduction in CO2 emissions can be observed in the Turkish economy. He also finds that the largest increase in CO2 emissions is caused by the expansion of the economy. Another country level study is Soytas and Sarı, which investigates the long run Granger causality relationship between economic growth, carbon dioxide emissions and energy consumption. They find that emissions Granger cause energy consumption, but the reverse is not true. Elgin and Öztunalı investigate the relationship between the size of the informal sector as of GDP and the air pollutants, carbon dioxide and sulfur dioxide, in Turkey using the annual data from 1950 to 2009. According to the trivariate cointegration analysis, there is a long-run inverse U-shaped relationship between the emissions and the informal sector. They also employ multivariate cointegration analysis and found positive relationship between the emissions and the informal sector which shows the deregulation effect. On the other hand, there is a negative relationship between capital intensity and informal sector, confirming the scale effect Akbostancı,Türüt-Aşık and Tunç investigatesEKC at both country and provincial levels using time series cointegration and panel data techniques. Based on time series analysis they find a long run relationship between pollution and income, however the result indicates a monotonically increasing function suggesting that EKC does not hold in Turkey. Even though they argue that the relationship between pollution and income follows an N shaped pattern, they find that all the provinces but one (Kocaeli) fall into the Kuznets section of the estimated relationship. Therefore it is not clear whether EKC hypothesis holds for Turkey based on the previous analysis 20 .
In this study, we extend the previous literature on spatial analysis income-pollution relationship within a developing country perspective. Employing spatial econometric techniques also allows us to test the existence of significant pollution spillovers among the neighboring regions.
Model
We use the following model to analyze empirical validity of the EKC hypothesis 21 .
( 1) where and represent the pollutant and per capita income respectively. is the vector of control variables that are assumed to have effect on environmental pollution and is i.i.d. error term. Subscripts i and t represent the provinces and the time period, respectively. All variables enter the model in a natural log form.
The presence of the EKC hypothesis in the above model depends on the signs and significance of and parameters. If and and they are both significant, then there is an inverted U-shaped relationship between pollution and income per capita as indicated by the EKC relation. At the earlier stages of economic growth, a rise in per capita income leads to environmental pollution, therefore it has a negative impact on environmental quality. However, as income level reaches beyond a turning point, environmental quality starts to improve in the economy with the use of new and clean technologies in the production process. Hence per capita income and environmental quality become positively related.
A serious drawback of model in (1) is that air pollution resulting from everyday activities of the local units, especially, industrial plants and the burning of coal and exploitation of the other natural resources is assumed to be independent from the location-specific characteristics of regions. Therefore spatial interaction among the neighboring units should be taken into consideration in the estimation process. The same methodology is also adopted by Karacuka Kuznets Curve for the Informal Sector of Turkey (1950 Turkey ( -2009 , and widely used in the empirical literature 24 . In SAR models, spatial interactions are reflected by the inclusion of spatially weighted dependent variable as a regressor. In this case EKC equation is written as follows: (2) where refers to the spatially lagged emissions obtained through the multiplication of the emission level of each provinces with the spatial weight matrix (W).
We define weight matrices used to estimate EKC in a spatial framework. In the context of our study we consider two different weight matrices: The binary contiguity matrix and inverse distance matrix. The binary contiguity matrix assumes that the spatial interaction only takes place between the regions sharing a common border. An element of the weight matrix is equal to 1 if the two regions have a common border and zero otherwise. In this case an element of the spatial contiguity matrix is expressed as follows:
On the other hand inverse distance matrix allows regions to interact each other, but the extent of interaction is inversely related to distance between the city centers. Hence is defined as,
where denotes the distance between the centre of provinces i and j measured in terms of kilometers. Additionally, all weight matrices are normalized with respect rows to define spatial dependency in terms of standardized values.
measures the existence and the magnitude of pollution spillovers. As pointed out by Anselin the spatial lag model may be considered as the formal specification for the equilibrium outcome of a spatial or social interaction process where the value of the dependent variable for one unit is instantaneously determined with that of the neighboring units. Hence, in our case positive and significant can be interpreted as an evidence for the positive pollution spillovers among the regions, i.e. environmental degradation level of a given region is connected with the pollution level of the contiguity regions.
Another way to incorporate spatial interaction is the use of SEM models, where spatial interactions are reflected through the spatially correlated error terms. (5) where is the spatially autocorrelated error term and is spatial autocorrelation coefficient. A spatial error model is a special case of a regression with a non-spherical error term where the interactions among the regions are mirrored by the off-diagonal elements of variance covariance matrix of residuals.
OLS methodology will not be appropriate for the estimation procedure of equation (5). First, the simultaneity problem due to the inclusion of spatial lag term in a SAR model, and second homoscedasticity assumption of OLS will not be valid for the SEM model, since the off-diagonal elements of residuals variance covariance matrix will not be zero. Anselin 25 and Lee 26 propose maximum likelihood estimations in order to overcome these problems that may lead inconsistent results. In this study we also employ maximum likelihood techniques based on Elhorst 27 .
Data
This paper uses annual panel data of Turkey's 58 provinces covering the period from 1990 to 2001. All data are obtained from Turkish Statistical Institute (TURKSTAT). The number of provinces in Turkey varies over the analyzed period. As an indicator of income level, we use real GDP per capita at 1987 prices. Investigation period of the study is determined by the availability of the data on real GDP per capita at provincial level 28 . There were 67 provinces in Turkey in the starting date 1990, however fourteen new provinces are split from other existing provinces over the investigation period. In order to eliminate this difference, the new provinces are added to the provinces where they separated. Given the unavailable pollution data for some of the east provinces, our analysis covers only 58 provinces. Along with per capita income, we include two additional variables to control for the effects of other determinants of pollution: Population density and share of manufacturing industry. Population density is defined as a proportion of total provincial population to the land area in terms of km 2 and whereas the share of manufacturing is obtained by dividing total output of the manufacturing sector by the total GDP of the province. Expected parameter sign for both variables are positive, in line with the stylized fact that highly industrialized and populated areas are likely to be more polluted.
As a preliminary evidence for the EKC relationship, sulphur dioxide and particulate matter concentrations of Turkey are illustrated in Figure 1 , along with GDP at 1987 prices. The figure shows that between 1990 and 1994, GDP growth in Turkish economy was accompanied with increases in the emissions. However, these two indicators started to move in opposite directions when pollution indicators started declining after 1994 at national level. Table 1 shows this evolution at provincial level. The decline in SO 2 and PM 10 emissions are very noteworthy in industrialized metropolitan cities such as Ankara, Bursa, Istanbul, Izmir and Kocaeli. An important factor for declining trend in the air pollution can be attributed to the major changes in energy use in production and heating. Since the midst of 1990s natural gas has become a widely available energy source for electricity and residential heating in most of the metropolitan cities, in which coal had been primary energy resource. In order to illustrate this fact the energy consumption by primary energy resources is presented between the years 1970 and 2005 in terms of Tons of Equivalent Petroleum (TEP) (see Figure 2) . Total primary energy consumption in Turkey has an increasing trend and risen to 89.099 million TEP by the year of 2005. Crude oil constitutes the highest share in the energy consumption with 36.1%, which is followed by natural gas with 27.7% and coal (the total of hard coal and lignite) with 24.5 %. The growth in the consumption of natural gas in recent years is especially noteworthy and reflects the structural change in the energy policy of the government. In line with the passing of Electricity Market Law and Natural Gas Market Law in 2001, private investors entered into electricity and natural gas market. In collaboration with foreign affiliates, they have established natural gas distribution companies for residential heating and also built thermal power plants via build-operate-transfer and build-operate models using natural gas to produce electricity under the control of Energy Market Regulatory Authority (EMRA) 29 . 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 Thousands of TEP This transformation in the energy market is more apparent in terms of composition of energy usage in the electricity production (see Figure 3 ). As the figure shows, the use of natural gas as a less pollutive gas compared to coal and oil has increased considerably in 1990s. Even though the use of coal also shows an increasing trend over the investigation period, natural gas has become a major resource for electricity generation. In particular, by the year of 2005, 73444.9 Gigawatt hours (GWh), approximately 50% of country's electricity, is generated by thermal stations operating with natural gas. 00 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Coal Liquid Fuels Natural Gas Renewable Wastes Hydropower Geothermal and Wind
Figure 3. Annual Development of Turkey's Electricity Generation by Primary Energy Resources
Source: Turkish Electricity Transmission Company, www.teias.gov.tr.
In addition to substitution of natural gas in the heating and electricity generation, a decline in concentrations of SO 2 and PM 10 can also attributed to the major changes in the fuel types used in the residential areas: domestic coal with high sulphur content has been prohibited for heating and replaced by imported coal with a lower sulphur content. Despite the above mentioned improvement in the air quality, air pollution is still a major concern for Turkey. 
Empirical Results
Our estimation procedure is based on two steps. First, to investigate the existence of EKC we estimate the equation (1) without spatial interactions. Second, the spatial effects are introduced by using SAR and SEM models to show whether the interaction among the regions has any impact in explaining income and pollution relation. 0.3898 0.38796 0.3144 0.3126 Note: *, ** and *** denote significant at 10%, 5% and 1% respectively. Standard errors of the parameters are given in parentheses.
Panel estimates with no spatial interaction are presented in Table 2 . In the estimation of panel models without spatial interaction the usual steps are followed. First the models are estimated in both pooled and fixed effect form, and then to make a decision between those models Wald test is conducted. In case of selection of fixed effects over pooled model, we estimate the model using random effect. Decision between fixed and random effects is determined by Hausman specification test.
According to results, fixed effects are found to be the most appropriate specification in all cases. First we note that baseline models presented in columns (I) and (III) confirm the existence of pure EKC hypothesis between per capita income and emission variables. The respective coefficients of per capita GDP and its squared product in line with the predictions of EKC corroborating inverted U-shaped relationship between per capita income and the emissions. As for the control variables, population density is found to be positive and significant at 1 percent significance level supporting the view that population growth is likely to lead higher emission level in the provinces. However, we obtain insignificant parameters for the share of manufacturing industry as far as both pollutants S0 2 and PM 10 are concerned. This may suggest that air pollution may not be mainly driven by industrial activities in some of the provinces. The other local factors such as transportation, the burning of coal and exploitation of the natural resources may play a significant role in the rise of emission level. LM-Error and LM-Lag test statistics reported in Table 3 and Table 4 are found to be significant at 1 percent significance level. This implies the presence of significant spatial heterogeneity in the income and pollution relationship. In other words, OLS estimates presented in Table 5 .1 may include a specification bias due to the lack of spatial interactions among the regions; therefore they do not provide complete account of the EKC. The decision procedure described above also indicates that SAR model appears to be superior in most cases. The only exception occurs for SO 2 when the binary contiguity matrix is employed in the LM tests. In this case since the Robust LM-Error (15.34) is greater than Robust LM-Lag (11.63) , SEM model appears to be the more appropriate model. -316.209 -317.137 -308.872 -315.784 -329.841 -327.795 -321.385 -318 .473 Notes: *, ** and *** denote significant at 10%, 5% and 1% respectively. Asymptotic standard errors of the parameters are given in parentheses.
Despite the results of specification tests outlined above, we also present the results of the alternative spatial models in Table 5 and Table 6 . First we note that inclusion of spatial dependency among the regions improves the fit of the model, as observed by the decrease in the standard errors of regressions. Second, spatial coefficient of SAR ( ) and SEM models ( ), are both positive and significant, suggesting the existence of pollution spillovers among the neighbors, i.e. environmental degradation levels of the contiguity regions are inter-connected. The results obtained from the models are also robust to the change in alternative weight matrix specifications. Conventional models neglect this kind of spillover effects that may cause misleading results in the estimations.
Spatial effects are found to be more pronounced when regressions are estimated with inverse distance matrix rather than the binary contiguity matrix. This suggests that the extent of spillovers among the regions can be better modeled by the distance between the city centers.
Spatial error parameters found to be larger than spatial lag parameters in all emission estimates. Among the other control variables, population density is still significant at 1% significance level. It is also interesting to note that the parameters on the share of manufacturing industry in some regressions turn into significant at 10 percent level after the inclusion of variables supporting the positive correlation between pollution and industrial activity. On general, we find that spatial interaction variables dominate the effects of control variables. According to our spatial analyses, there is evidence that EKC has an inverted U-shaped. The turning points for SO2 and PM10 emissions are calculated as $2597 and $2506 for the SAR models 31 . In case of SO2 emissions, the pollution increases with the income per capita increases 31 Following previous literature, the turning point is calculated by the following formula: turn= exp (-β/2δ) . In order to compare turning points with the previous studies, they are converted into 2001 US$. between the income per capita levels of $0-$2597. Beyond the level of $2597, the pollution decreases with the income per capita increases. 39 provinces out of 58 are located in the first phase of the inverse U-shaped EKC and the rest of the total provinces are located in the second phase of the inverted U-shaped. Some provinces like Ağrı, Bingöl and Bitlis are in the first phase and very far away from turning points with their per capita income while Balıkesir, Burdur, Hatay and Rize are all located nearly under the turning point of 2597. Some provinces like Adana, Ankara, İzmir and İstanbul are located in the second phase of the EKC. While Adana is very near to the turning point with the per capita income of $2656; Kocaeli, İstanbul and İzmir are very far away from the turning point. These finding are consistent with the findings of PM10 emissions. According to these results, it can be stated that low-income provinces are generating more pollution with the low quality coals and older technologies. On the other hand, as the usage of natural gas and coals with lower sulphur contents become widespread and stringent emission controls become popular in the high-income provinces, the concentrations of the SO2 and PM10 are expected to decrease over time.
Conclusion
In this paper we analyze the relationship between income and air pollution in Turkey by considering pollution spillovers among neighboring provinces. For this purpose spatial econometric models are employed. Spatial interactions are measured by means of weight matrices based on contiguity and distance between the neighboring units. Our estimates indicate that the relationship between income and pollution follows an inverted U-shape as indicated by EKC hypothesis. We find significant EKC relationship for two local air pollutants, SO 2 and PM 10 . This relationship is robust to the inclusion of other determinants of pollution. The turning points calculated from the spatial models indicate that most of the provinces are still located in the first phase of EKC, i.e. pollution is still increasing with the per capita income growth.
We find that spatial econometric techniques improve the understanding of the relationship between pollution and per capita income growth. Our results suggest that exclusion of spatial heterogeneity among the regions may lead to specification bias in EKC estimations. The significance of pollution spillovers among the regions indicates the existence of unobservable local determinants in the income and pollution relationship.
Our study also shows that environmental quality cannot be sustained at the expense of neighboring regions; therefore environmental policies should be accommodated by both regional and national policies to achieve sustainable development. This result has important policy implications in a country where income distribution shows inequality patterns among the regions. Neither central governments nor local administrations can implement pollution strategies independently. Successful strategies should be based on a master plan that all administrations participate and implement. Less developed regions should be supported to encourage greener energy resources. The decline in the pollution levels due to higher share of natural gas as a primary energy resource gives promising results, however air quality indicators are still far above satisfactory levels. Government and local administrations need to implement policies to reduce levels of pollution and SO 2 emissions in order to avoid irreversible environmental damage.
Spatial estimates in this study imply that an inverted U-shape pattern also depends on the localities of the regions. EKC relationship should not be treated as an automatic process, but conditional on structural features, such as environmental awareness, education level, the use of environmental friendly resources, and other socioeconomic conditions. However, the unavailability of regional data on these location specific factors is the main limitation of this study, and remains a further research area for future studies as more data become available.
